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ABSTRACT

Cities across the globe recognise their role in climate mitigation and are acting to reduce carbon emissions.
Knowing whether cities set ambitious climate and energy targets is critical for determining their contribution
towards the global 1.5 °C target, partly because it helps to identify areas where further action is necessary. This
paper presents a comparative analysis of the mitigation targets of 327 European cities, as declared in their local
climate plans. The sample encompasses over 25% of the EU population and includes cities of all sizes across all
Member States, plus the UK. The study analyses whether the type of plan, city size, membership of climate
networks, and its regional location are associated with different levels of mitigation ambition. Results reveal that
78% of the cities have a GHG emissions reduction target. However, with an average target of 47%, European
cities are not on track to reach the Paris Agreement: they need to roughly double their ambitions and efforts.
Some cities are ambitious, e.g. 25% of our sample (81) aim to reach carbon neutrality, with the earliest target
date being 2020.90% of these cities are members of the Climate Alliance and 75% of the Covenant of Mayors.
City size is the strongest predictor for carbon neutrality, whilst climate network(s) membership, combining
adaptation and mitigation into a single strategy, and local motivation also play a role. The methods, data, results
and analysis of this study can serve as a reference and baseline for tracking climate mitigation ambitions across

European and global cities.

List of abbreviations

BEI Baseline Emission Inventory
C40 The C40 Cities Climate Leadership Group
CNCA  Carbon Neutral Cities Alliance

CO, Carbon Dioxide

CO,eq  Carbon Dioxide Equivalent

CoM Covenant of Mayors for Climate and Energy

CN Carbon Neutral

DG REGIO Directorate-General for Regional and Urban Policy
EE Energy Efficiency

EU European Union

EURO-LCP Initiative European Initiative on the study of Local
Climate Plans

EUROSTAT European Statistics Office

GCoM  Global Covenant of Mayors for Climate and Energy

GDP Gross Domestic Product

GHG Greenhouse gases

IPCC Intergovernmental Panel on Climate Change
LED Light Emitting Diode

LCP Local Climate change Plan

M-A Mitigation - Adaptation

M-LCP  Local Climate change Mitigation Plan

MS Member States

NUTS Nomenclature of Territorial Statistical Units (Nomenclature
des Unités Territoriales Statistiques)

RES Renewable Energy Sources

SEAP Sustainable Energy Action Plan

SECAP  Sustainable Energy and Climate Action Plan

UA Urban Audit

UN United Nations

UK United Kingdom

1. Introduction

Signatories to the 2015 Paris Agreement pledged to reduce green-
house gas (GHG) emissions to contain global warming below 2 °C,
aiming at reducing it further to 1.5 °C relative to pre-industrial levels.
Such an ambitious target requires reaching zero emissions (hereafter
referred to as carbon neutrality) by 2050 [1]. Carbon neutrality has a
range of definitions and it is important to have a shared understanding
[2]. The PAS 2060 [3] considers carbon neutrality to be a situation in
which there are no net greenhouse gases emissions during a specified
period. The Carbon Neutral Cities Alliance (CNCA) [4] defines it as
ambition “to cut greenhouse gas emissions by 80-100% by 2050 or
sooner”, compared to the baseline year of 1990. Both are similar in the
sense that the net greenhouse gas emissions associated with a city should
be zero at some point over a specified period in the future. For practical
reasons and quantification, we here use a GHG reduction target of at
least 90% as a definition for climate neutrality (the average between 80
and 100%).

In order to reach carbon neutrality, the Intergovernmental Panel on
Climate Change (IPCC), in its Special Report on Global Warming of 1.5
°C [11, clearly states the importance of a multi-pronged approach based
on: phasing out fossil fuels, using renewable energy sources (RES),
facilitating behaviour change, improving energy efficiency (EE) for both
supply and demand, and introducing negative emissions measures. It

also highlights the relevance of implementing these measures in cities.

Since the Paris Agreement, countries have passed legislation
pledging to reach climate neutrality by 2050 or earlier, including Swe-
den [5], France [6], the UK [7], New Zealand [8] and Costa Rica [9]. The
European Union (EU) has also set ambitious climate and energy targets.
The Resolution on Climate Change of the European Parliament endorsed a
net-zero GHG emissions target by 2050 in March 2019 and “urged
Member States to do the same as part of the Future of Europe” [10].
Moreover, the EU set intermediate targets for 2030: to reduce GHG
emissions by at least 40%, to ensure that at least 32% of the consumed
energy is generated from RES and to improve EE by at least 32.5%
compared with business as usual [11].

On the path towards carbon neutrality, national governments need
support from public bodies at all jurisdictional levels, as well as non-
state [12-14] and other societal actors (e.g. Ref. [15-17]). The imple-
mentation and enforcement of high-level policies will be jeopardised if
sub-national bodies and non-state actors lack commitment or capacity.
Insufficient coordination between different governance actors may also
prevent local actors from responding effectively to emerging threats [18,
19].

Despite these potential constraints, municipalities across the globe
have recognized their key role in global climate mitigation [20-22] and
committed to reduce emissions and achieve carbon neutrality. At the
end of the UN’s Climate Action Summit in 2019, “over 100 cities -
including many of the world’s largest - announced significant and con-
crete new steps to combat the climate crisis” [23].
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Yet, precisely how cities seek to lead on climate change mitigation
action is less clear. Scientific literature often critiques cities for not
sufficiently engaging in the climate fight or not being ambitious enough
[24,25]. However, partly due to a lack of macro-studies that examine the
efforts of numerous studies across multiple countries, there is currently
limited evidence to support these claims.

Previous studies into the availability of local climate plans in Europe
[26] have found a mixed picture: cities in Northern and Central Europe
are far more likely to develop detailed plans compared with their
counterparts elsewhere. In some cases, this was linked to the national
regulatory framework, because municipalities in some countries are
legally required to produce climate plans (e.g. in France and, previously,
England). In Sweden (all municipalities), Italy (cities > 50,000 in-
habitants) and Slovakia (municipalities > 2500 inhabitants meeting
particular conditions regarding energy suppliers/customers in the area),
municipalities are obliged to develop energy plans by national legisla-
tion but these plans very often do not set targets on GHG emission
reduction. In other countries, municipalities have financial support from
higher tiers of government to develop energy and climate mitigation
plans (e.g. Germany). This suggests that both national legislation as well
as city size are important.

Cities that have made international commitments and/or joined
transnational municipal networks may also be more likely to engage in
climate action [26-28]. The Climate Alliance for example, which rep-
resents more than 1500 local authorities in 17 European countries,
commits its members to reduce their CO2 emissions by 10% every 5
years and to halve them by 2030 at the latest [29]. C40 Cities Climate
Leadership Group (C40) connects more than 96 of the world’s largest
cities to act on the climate and comply with the Paris Agreement. C40
member cities are required to set a target for reducing GHG emissions
“from the current level of 5.3 tonnes CO; per person to around 2.9
tonnes by 2030 and to zero by 2050” [30]. Signatory cities of the
Covenant of Mayors aim to achieve a 40% reduction of GHG emissions
by 2030 and adopting a joint approach to tackle mitigation and adap-
tation to climate change in a single strategy [31]. The Carbon Neutral
Cities Alliance (CNCA) [4] supports cities to work together “to cut
greenhouse gas emissions by 80-100% by 2050 or sooner”.

The development of sector specific climate mitigation strategies and
initiatives, which are then integrated into a single overarching strategy,
may also be more effective in tackling climate change because this
approach can help to identify synergies and tradeoffs between related
initiatives [16,32]. In this sense, we might expect unified or main-
streamed climate strategies, which combine mitigation and adaptation
actions into a single document, to be more successful than disparate or
separate documents [33-36].

This paper addresses the question of whether cities’ climate miti-
gation targets are ambitious enough to meet the Paris Agreement, i.e.
reach carbon neutrality by 2050 or sooner. To do so, it draws on pre-
vious evidence related to city size, climate network membership, and
climate policy governance issues and their connection to climate
ambition. In this study, ambition is defined with reference to the GHG
emissions reduction targets that cities aim to achieve. The highest
ambition is defined by targeting at least 80%-100% of GHG emissions
reduction, i.e. by reaching carbon neutrality, by 2050 or sooner.

The rest of this paper identifies the main trends and patterns in the
climate change mitigation policies and targets of EU cities, as published
in their Local Climate Plans (LCPs). Previous work on assessing and
understanding urban climate policy progress in European cities—what
hereafter is called the EURO-LCP initiative [26,32,37] —has been taken
into consideration. We examine a representative sample of 327 cities
across 28 EU countries (total number of EU MS at the time of data
collection) and their climate change mitigation policies. Data, i.e. the
availability of LCPs with contents on mitigation (M-LCPs hereafter) was
updated between November 2018 and December 2019. This study ad-
vances the quantification of the climate ambition of European cities and
provides an analysis of contextual factors that relate to it. More
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importantly, our work aims to understand the spatial levels at which
climate policy is being shaped within the EU and to assist in identifying
the extent to which the climate planning process is moving at different
speeds in different parts of Europe [38].

In summary the paper addresses three issues, it: 1) analyses ambi-
tions according to the type of plan, city size, the combination of adap-
tation and mitigation aspects in a single strategy and membership of
climate networks, 2) performs a comparative assessment of these aspects
across cities, European countries and regions, and 3) identifies whether
the climate targets of this representative sample of EU cities are ambi-
tious enough to reach the Paris Agreement.

The paper is structured in 5 sections. Following this introduction, a
description of the city sample, M-LCPs data collection and analytical
framework is provided in Section 2. Results on types of M-LCPs, energy
and climate targets and transnational municipal networks are included
in Section 3. Section 4 critically discusses the results achieved in this
study, and Section 5 concludes.

2. Data and methods
2.1. The city sample

This study is based on a sample of 327 core cities within the EU-28
(the UK was still a member of the EU when we collected our data),
covered by the Cities Statistics database of the European Statistics Office
(Eurostat), formerly known as “Urban Audit” (UA) [39]. The UA data-
base was developed with the aim of comparing data across European
urban areas. The UA sample is a representative sample of currently more
than a thousand core cities, larger urban zones and metropolitan areas
across the EU-28. The sample has fluctuated slightly while steadily
increasing over the past years and the chosen sample of 327 core cities is
mentioned in the Eurostat Regional Yearbook 2011 [40]. It has been
chosen because of its smaller size (as compared to the 885 cities
currently belonging to the whole Cities Statistics database selection) and
its representativeness.

The UA city sample is representative in size and regional distribution
per country as it uses the following criteria [41]: (i) at least 20% of the
population is covered in each country, (ii) at least one city from each
NUTS3 Region is included to ensure a balanced geographical distribu-
tion, and (iii) varied city sizes are considered by including large and
medium (above 50,000 inhabitants) as well as small cities (below 50,
000 inhabitants). Considering the most recent data on EU-28 population
(513.5 million inhabitants [42]), the city sample covers 128.8 million
inhabitants, that is 25.1% of the total EU-28 population, ranging from
14.3% in Portugal to 55.9% in Malta.

Data collection for the City Statistics is a joint effort by the
Directorate-General for Regional and Urban Policy (DG REGIO), the
National Statistical Institutes and Eurostat. More information on this
database can be found in the Cities Statistics database itself [39] and in
supporting documents [41-43]. Fig. 1 presents a map of the location of
the 327 core cities considered in this paper.

2.2. Identification of local climate change mitigation plans and strategies

For the identification of local climate change mitigation plans and
strategies (M-LCPs), an approach similar to the one described in Reckien
et al. [26] was used:

@ Between November 2016 and January 2017, a team of native or
fully proficient language authors compiled a database of M-LCPs for
each sample city and EU-28 country. This database was facilitated using
desk/web review and prominent keyword searches in each national
language [26,32], complemented with direct contact with local au-
thorities (when further information and/or clarifications were needed).
The list of plans [32] was re-checked and if necessary, updated between
November 2018 and November 2019. All relevant plans and strategies
were downloaded and saved.



M. Salvia et al.

Renewable and Sustainable Energy Reviews 135 (2021) 110253

Legend

City Location
° UA City location
Capital

National obligation to
develop LCPs

] LCPs compulsory

%

2

N
0 125 250 500 A
I I Kilometers

O LCPs not compulsory g

=g
o 0

T N——

c & Finland (4)

Sweden (8)

Russia

Belarus

Ukraine

HaW{32)

Maf®@ (2)

Fig. 1. Map of the location of the 327 core cities of the Eurostat Urban Audit database [39] underlying this study, showing the share of larger cities per country as
country shading. Larger city is defined as above 250,000 inhabitants. Data: resident population as of 1st January of latest year available (2011-2017), depending on
city and country from Eurostat (2019), except Fareham (UK), Spijkenisse (NL), and Croatia (Wikipedia; no data on Eurostat at the respective time of download).

@ Both binding (officially adopted) and non-binding plans were
considered, on the basis that the process of developing a M-LCP (and not
only its adoption) implies a level of awareness and sensitivity for action.
In all cases the respective plan or policy had to be (made) available.

Following Reckien et al. [26,32], the M-LCP were classified into
three main types (Fig. 2): “Type A” corresponding to dedicated M-LCPs,
“Type B” for horizontally mainstreamed (i.e. cross-sectoral, respecting
interactions between different policy fields and aiming for broader goals

than climate change), and “Type C” for vertically mainstreamed (i.e.
sector plans such as for the energy sector). We further differentiated
between autonomously developed (A1) or legally required plans (A2), or
plans driven by an international organization (A3) such as the Covenant
of Mayors. This common typology allows for a better comparison of the
plans and their content across European cities, assuming a higher degree
of similarity of plans, institutional guidelines, national framework doc-
uments, financing or support, etc.
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Fig. 2. Typology of local climate change mitigation plans (modified after [32]).

This study focused on climate networks that are particularly relevant
to EU cities and that make it mandatory for participating cities to define
a climate action plan and to achieve minimum targets for reducing GHG
emissions. These networks are: Climate Alliance, C40 Cities Climate
Leadership Group (C40), Covenant of Mayors (for Climate and Energy),
and the Carbon Neutral Cities Alliance (CNCA). Information on the
formal adhesion of cities to these international urban networks (step I of
the overall step-by-step process, as defined in the CoM guidelines [44])
was retrieved from the organization’s website in November/December
2019. Afterwards, the climate plans developed in this context (step II)
were accessed and were cross-checked with those that the cities may
have already published. By comparing cities across Europe that were
and were not members of such networks, this approach also enabled an
analysis of their possible role in shaping urban climate planning.

In this study, only one plan was analysed for each city in the sample,
where available. Priority was given to M-LCP belonging to Type A
(dedicated, comprehensive and stand-alone). If such a plan was avail-
able, it was considered for the analysis. Comprehensive and stand-alone
plans developed in countries where national legislation requires urban
climate planning were automatically assigned as A2, rather than Al.
Type B and Type C plans were considered only if no Type A plans were
available for the city. Thus, each city was assigned with the plan most
focused on climate mitigation (available at the time of searching). This
approach is in line with the one adopted by Reckien et al. [26,32].

2.3. Content analysis of the mitigation LCPs

In order to identify whether, and how, local governance planning
practices align with cities’ mitigation efforts and ambition, the list of M-
LCPs included in Reckien et al. [26] was first updated and then analysed
according to its content based on an approach similar to that used in
Reckien et al. [37]. Thus, the content of each M-LCP was extracted based
on a common structure organized in the following sections: general in-
formation (name, city and type of plan); mitigation aspects (including
details of the emissions inventory, type and magnitude of the emissions
targets, types of mitigation measures, implementation and follow-up);
energy targets (type and magnitude of energy efficiency and RES tar-
gets); the combination of mitigation and adaptation in the same plan;
and governance issues regarding information on how the plan was
developed. Table 1 provides a detailed list of information collected
through the online questionnaire utilized in this study.

All data and information gathered through the questionnaire were
analysed in order to shed light on the main types of local climate miti-
gation plans (M-LCPs) currently available, on their geographical distri-
bution across Europe and in relation to city size. The main short- and
medium-term energy and climate targets were identified, as well as
cities’” membership of the main international climate networks.
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Table 1
Key information collected and utilized for this study for each city/M-LCP.

Type of contents Compiled information for Mitigation Local Climate Plan (M-

LCP)

General - Name of the analyst and date and time at which the analysis
information was undertaken

- Country and respective national climate change mitigation
target
Name of the Local Climate Action Plan and the city
Place where the plan was found and URL (if applicable)
Type of M-LCP (A, B, C or D)
Legal status of the M-LCP, year of adoption, approval and/
or publication, the existence of a previous plan and
respective year of adoption
- Existence of previous M-LCP and adoption year
- Combination of mitigation and adaptation aspects in the
same document (total pages of the mitigation section and
total pages of the document)
Existence of a baseline emissions inventory
Baseline year
Type of accounting for the emissions reduction: CO, or
GHGs/CO,eq/CO,e/CDE (specifying the included gases)
GHG emissions Specification of the emissions target(s): the numeric value),

targets the unit (e.g. % or metric tons), and the target (e.g. year or
scenario)
- Indication whether carbon neutrality is explicitly listed as
an objective and if so by which year

- Existence of other emissions reduction targets, e.g. sector
targets
Sectors for which the M-LCP aims to implement mitigation
measures: energy use; energy efficiency and saving;
renewable energy; buildings; transport; , waste; nature-
based solutions; agriculture and food; land-use; carbon
sequestration; industry; consumption and behaviour; policy
and research; education; communication and public re-
lations; other.
Energy targets - Existence of explicit target(s) for energy efficiency (value,
unit and target year)
Existence of explicit target(s) for renewable energy (value,
unit and target year)

GHG emissions
inventory

Table 2
Descriptive statistics of local mitigation targets and cities’ characteristics.
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2.4. Statistical analysis

To investigate the relationships between mitigation targets and
urban population, climate membership, type of plan and integration
level (combination of adaptation and mitigation aspects in one plan)
descriptive statistics and correlation analysis were conducted. For the
correlation analysis bivariate, non-parametric, two-tailed tests were
employed based on Kendalls-tau-b [45]. Additionally, partial, two-tailed
correlations were used to control for potential confounding factors, i.e.
covariates [46], which is necessary for variables that seem highly
correlated with the descriptors. The statistical analysis was conducted
with IBM SPSS Statistics Package 2.

3. Results
3.1. Emissions reduction targets

The study reveals that 254 (78%) of the 327 cities in the sample have
a climate change plan with mitigation targets, i.e. 73 (22%) of them do
not have a plan or have a plan without targets (Table 2;
CO2_GHG_CN_target). More than half of the cities, i.e. 154 cities (61%)
that include targets in their plans, report on CO, emissions; the
remaining 100 cities (39%) base their calculations on GHG emissions or
CO; equivalents (COzeq). CO; targets are used in all the analysed M-
LCPs of Belgium, Croatia, Cyprus, Czech Republic, Estonia, Latvia,
Lithuania, the Netherlands, Portugal, Romania and Slovakia, whereas
GHG targets are referred to as COzeq in all the analysed plans of Austria,
Bulgaria, Denmark and Finland. In the remaining countries, some cities
refer to CO, while others to CO2eq.

The basis of accounting does not distort the ambition; the targets of
both accounting methods have similar spreads (reduction targets for
CO range from 2 to 100%, whereas for COzeq they range from 3 to
100%) and averages (39.45% versus 39.57%, respectively). Also, the
chosen timelines are similar. Plans based on CO, accounting start in
1990-2015 as a baseline and go until the year 2019-2050; plans based
on GHG accounting refer to a baseline of 1990-2020 and a target year of
2020-2050, respectively (Table 2).

No. Minimum Maximum Sum Mean Std. Deviation
Targets:
Max_CO2_target 154 2 100 - 39.45 25.60
BaselineYearCO2 156 1990 2015 - 2002 8.42
TargetYearCO2 154 2019 2050 - 2027 11.12
Max_GHG_target 100 3 100 - 39.57 28.48
BaselineYearGHG 100 1990 2015 - 2003 8.52
TargetYearGHG 100 2020 2050 - 2027 11.44
Max_CO2_GHG_target 253 2 100 - 39.55 26.75
Carbon_neutrality 252 0 1 81 .32 47
TargetYearCarbonNeutrality 80 2020 2050 - 2045 8.89
CO2_GHG_CN_target 254 2 100 - 47.15 31.40
City characteristics:
Population 327 17,163 9,803,494 128,849,797 394,036.08 802,497.00
CoM 327 0 1 215 .66 .47
CA 327 0 1 46 .14 .35
C40 327 0 1 15 .05 .21
AM_Combi 254 0 1 79 31 .46
TypeAl 254 0 1 114 45 .50
TypeA2 254 0 1 37 .15 .35
TypeA3 254 0 1 93 .37 .48
TypeB 254 0 1 1 .00 .06
TypeC 254 0 1 9 .04 .18

Note: The study distinguishes three categories of targets based on the method of emissions accounting and the height of the target. The first category refers to cities with
a maximum target that is based on CO and reaches up to <80%. The second category refers to cities with a maximum target that is based on GHG (CO.eq) and reaches
up to <80%. The first and the second category of targets are combined in Max_CO2_GHG_targets. The third category refers to cities with carbon neutrality targets, being
based on either CO, or GHG(CO»eq), defined by targets of 80-100%. All three categories of targets are combined in CO2_GHG_CN_targets. Each target category has a
baseline year (except carbon neutrality, as it is negligible from which baseline you start when you want to reduce emissions to near zero) and a target year. Key: CoM —
Covenant of Mayors; AM_Combi — Combination of adaptation and mitigation issues in one LCP.
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Fig. 3 shows that a plurality of the M-LCPs that do not commit to
climate neutrality have a reduction target of less or equal to 20%. This
represents 29.5% of the analysed plans with a COy emissions target
(Fig. 3a) and 42.4% of plans with a COqeq target (Fig. 3b), respectively
(though referring to different years). Most of these cities show an initial,
yet modest, commitment towards mitigation, probably influenced by the
European 20-20-20 goal or the Covenant of Mayors minimum require-
ment. One example is Poland—most of its cities have set targets smaller
than 20%. The rest of the targets are spread relatively evenly with lower
values observed for the intermediate target of 31-40%.

Fig. 4(a—d) shows the distribution of the 254 M-LCPs in the sample
across typologies (i.e. Type Al, A2, A3, B and C), level of emissions
reduction targets (% y-axis), type of emissions targets (i.e. CO or GHG
target) and regional distribution in Europe (Northern or Southern
Europe).! Again, the figures exclude cities with targets of 80% and
above.

The figure highlights that comprehensive autonomous and nation-
ally induced plans (i.e. Type A1 & A2 plans) developed by Northern
European cities show the greatest variance in their level of ambition,
with CO5 emissions reduction targets ranging from 2% to 60% (Fig. 4a)
and GHG emissions targets ranging from 4% to 75% (Fig. 4b). Polish
cities with type Al plans have the lowest ambitions (i.e. targets below
20%), while cities in Germany (Bochum, Berlin, Schwerin), the
Netherlands (Eindhoven), France (Ajaccio, Tours and Besancon), and UK
(London) have the highest ambition levels (i.e. targets greater than or
equal to 60%).

Type A3 plans demonstrate a consistent pattern and a lower level of
ambition, ranging from 20% to 60% (with the sole exception of the
Finnish city of Turku, which has a 65% mitigation target), irrespective of
their geographical location or type of mitigation target. Fig. 4c shows
how these plans, developed within international climate networks, play
a predominant role in Southern European cities. Type C plans have a
similar range as A3 plans (i.e. 20%-60%), are mainly developed in
Northern European countries and include CO, targets (Fig. 4a).

In general, Southern European cities are less ambitious than their
Northern European counterparts; the maximum target in these countries
is 42%, except for the cities of Seville and Lisbon which aim to reduce
their emissions by 54% (CO2eq) and 60% (CO3), respectively. This
suggests that Southern European cities have mainly developed SEAPs/
SECAPs when joining the Covenant of Mayors, albeit with mitigation
targets that are less ambitious than Northern European cities.

The timeline adopted by cities with a maximum target of less than
80% also ranges between short (i.e. 2020 or before), medium (i.e. 2021
to 2030) and longer-term periods (i.e. 2031 to 2050). The vast majority,
regardless of their type, geographical jurisdiction or ambition level seem
to adopt a short to mid-term timeframe, setting targets towards 2020 or
2030. Only 4% of those (i.e. 10 cities) have opted for a longer-run
timeframe towards 2050 and with varying levels of ambition. These
observations strengthen the argument mentioned above that most of the
cities present a modest mitigation pledge that is likely to be driven by
the European 20-20-20 goal and more recently by the EU 2030 climate
and energy framework. The clear lack of longer timelines towards 2050
across these M-LCPs may also indicate that local actions and ambitions
are highly dependent on national or regional responses to the Paris
Agreement.

The outcome of a correlation analysis between mitigation targets and
urban population, climate membership, type of plan and combination of
adaptation and mitigation issues highlights potential influences on the
level of the emissions reduction targets (Table 3). Table 3 shows that
larger cities have higher, i.e. more ambitious, targets. However, popu-
lation also influences a range of other factors, such as network

1 Cities in Italy, Spain, Portugal, Slovenia, Croatia, Bulgaria, Greece, Cyprus
and Malta were categorized as Southern European (SE) cities. The rest of the
cities in our sample were categorized as Northern European (NE) cities.
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membership (this applies to all three networks investigated), and type of
M-LCP. Regarding type, A1 M-LCPs are particularly numerous in large
cities (a = 0.139, p < 0.007), while A3 LCPs are significantly less
prevalent (a = —0.104, p < 0.042).

Regarding international climate networks, results reveal that signa-
tories to the Covenant of Mayors (CoM) are correlated with having GHG
targets (a = 0.180, p < 0.034), members of C40 with both CO5 and GHG
targets (a = 0.186, p < 0.003; but not either one), and cities involved in
the Climate Alliance with all targets (CO2, GHG, combined and sepa-
rately). This reflects the fact that some climate networks determine the
accounting basis (CO, or CO2eq), while others do not. Membership of
any climate network is associated with higher mitigation ambition.

Plans that combine adaptation and mitigation issues show a corre-
lation with the ambition of the CO, target (a = 0.197, p < 0.004) and to
carbon neutrality (a = 0.111, p < 0.038). As regards types of plans, only
Type Al plans are related with high mitigation ambition, particularly
the CO4 target (a = 0.298, p < 0.000) as well as carbon neutrality (a =
0.207, p < 0.007). On the contrary Type A3 M-LCPs are related with low
mitigation ambition, negatively correlating with CO;, targets (a = 0.238,
p < 0.000) and with carbon neutrality (a = 0.196, p < 0.000). Overall,
Table 3 shows that the height of the mitigation ambition is significantly
positively related to population size of a city (a = 0.163, p < 0.000), the
membership of climate networks, particularly C40 (a = 0.138, p <
0.009) and Climate Alliance (a = 0.278, p < 0.000), combining
Adaptation-Mitigation in M-LCPs (a = 0.150, p < 0.005), and Type Al
M-LCPs (a = 0.236, p < 0.000), while it is negatively correlated with
Type A3 M-LCPs (a = —0.223, p < 0.000).

However, as all parameters are highly correlated to population size,
further tests on these relationships seem necessary. Table 4 shows these
results, highlighting that none of the correlations remain significant,
which means that all the influential factors of mitigation ambition
identified are mainly driven by population size. Thus, even though na-
tionally induced plans, plans boosted by the adhesion to climate net-
works and combined Adaptation-Mitigation strategies lead to higher
mitigation targets than plans that do not share these characteristics,
results show that those are mainly found in larger cities (Table 4).

3.2. Carbon neutrality targets

Eighty-one (25%) of the 327 European cities in this sample strive for
carbon neutrality (Table 5). This is defined as targets for at least 80%
emissions reductions by 2050 or sooner, in accordance with the Carbon
Neutral Cities Alliance (CNCA) definition [4]. This number includes
quantitative targets as stated in the plans (which are higher or equal to
80% emissions reduction) as well as a qualitative statement of the goal
in the plan (e.g. “in the long-term CITY aspires towards carbon
neutrality”). If the target of carbon neutrality was qualitatively
mentioned it is assumed that this equals at least 90% emissions reduc-
tion (the average between 80 and 100%). As stated earlier, Carbon
Neutrality does have various definitions and although all care has been
taken to standardise the data and analysis it is inevitable that cities will
have different understandings of the term carbon neutrality. In this
study it was assumed that the term itself was not needed, but the
ambition to reduce GHG by 80-100% would be considered carbon
neutral. An analysis of the feasibility or effectiveness of any follow-on
steps (in particular offsetting GHG emissions) that some cities might
undertake in order to achieve these objectives, was not part of the study.

Most cities that strive to become carbon neutral (CN) aim to do so by
2050 (59 cases, i.e. 73%). The remaining 22 set an earlier target date,
some as early as 2020, and the average target year is 2045. An inter-
esting case is Uppsala in Sweden, which aims at reducing 90% of its
emissions by 2040, more than 100% by 2050, and 110% by 2070. Other
cities that aim to reach carbon neutrality before 2050 include 2 of the 4
Danish cities in the sample (Aarhus and Copenhagen, with a target year
of 2030 and 2025, respectively); the Finnish cities of Turku (2029) and
Oulu (2040); Gottingen in Germany (2040); the British cities of



M. Salvia et al.

41%-80%

-
7]
o0
s
c
©31%-40%
k3]
S
©
o
g 21%-30%
2
£
)
o) 1-20%
o

0 10 20 30 40 50

N. of M-LCPs
a)

GHG (CO, eq) emiss. reduction target

Renewable and Sustainable Energy Reviews 135 (2021) 110253

41%-80%

31%-40%

21%-30%

1-20%

o

10

20 30
N. of M-LCPs

40 50

b)

Fig. 3. Number of M-LCPs by range of CO, (a) and GHG (COzeq) (b) reduction target (baseline years: 1990-2015, target years: 2020-2040). Please note that this
excludes mitigation targets equal to and higher than 80%, as these are regarded as a goal for climate neutrality and reported further down.

Birmingham, Exeter, Glasgow, Leicester and Newcastle (all of them
referring to 2030); 6 Dutch cities, i.e. Utrecht (2030), Groningen (2035),
Den Haag (2040), Breda (2044), Tilburg and Nijmegen (2045); as well as
the Swedish cities of Malmo (2020), Linkoping (2025), and Stockholm
(2040), and Orebro (2045). These findings suggest that local mitigation
targets are influenced by national incentives or characteristics.

Indeed, results show that clear geographical patterns emerge in the
distribution of GHG reduction targets. German cities have the largest
share (27 cities, representing 33.3% of all German cities in the sample)
of carbon-neutral M-LCPs, followed by the UK (13.6%), the Netherlands
(11.1%) and France (9.9%). To better understand the magnitude of this
movement it is interesting to compare the number of carbon-neutral
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cities in the sample with the total number of cities analysed by coun-
try. The most ambitious plans were developed by Northern and Western
European cities: Denmark is at the forefront (i.e. all the 4 reviewed
Danish cities aim to become carbon neutral) followed by Finland and
Sweden (75% of them), Germany (68%), the Netherlands (60%) and
Belgium (57%). Fewer Austrian (20%), Irish (20%), French (23%), and
UK (37%) cities aim for carbon neutrality. On the other hand, in half of
the countries analysed (14), not a single city expresses this level of
mitigation ambition. The results show that cities in western EU countries
have set much more ambitious mitigation targets compared to cities
from the rest of Europe.

The size of the 81 cities that aim to become carbon neutral is
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Fig. 4. Distribution of M-LCPs across their type (Al, A2, A3, B, C), target (%), type of target (CO,, GHG) and timeline (2020 or before, 2021 to 2030, 2031 to 2050)
for Northern European cities (4.a and 4.c) and Southern European cities (4.b and 4.d) different parts of the EU. The city-population covered in the corresponding M-

LCPs is represented in relative terms by the size of the bubbles.



Table 3
Correlation results.
Max CO2_target Max GHG_ target Carbon Max CO2_GHG target CO2_GHG Population CoM C40 CA A-M TypeAl TypeA2 TypeA3 TypeB TypeC
Neutrality CN Combined
Target
Max CO2_target 1.000 .520%* .995%** .801** .229%* -.054 .095 .348%* .197** .298%* -.079 -.283%* -.005 .039
.000 .000 .000 .000 429 162 .000 .004 .000 .248 .000 946 .570
Max GHG_target 1.000 452%* 1.000** .819** .169* .180* 118 .339%* .024 .079 .049 -.101 -133
.000 .000 .016 .034 .165 .000 .782 .353 .564 .236 . 118
Max CO2_GHG target .489** .689%* .178%* -.001 .186** .341%* .103 .405%* -.069 -.381%* -.043 .051
.000 .000 .001 .982 .003 .000 .104 .000 271 .000 491 422
Carbon Neutrality 1.000 .808** .193** .054 .103 .343%* 11 .207** -.016 -196%* -.002 -.016
.000 .000 .308 .054 .000 .038 .000 .768 .000 967 758
CO2_GHG_CN Target 1.000 .163** .096 .138%* .278%* .150%* .236%* -.024 -.223%* -.011 -.002
.000 .072 .009 .000 .005 .000 .650 .000 .832 .965
Population 1.000 .265** .262%* .154%* .083 .139%* -.041 -.104* -.035 -.012
.000 .000 .001 .105 .007 429 .042 491 .819
CoM 1.000 .158%** -.042 -.014 -.409** -.077 4327+ .036 .109
.004 .453 .821 .000 .220 .000 .570 .083
C40 1.000 -.047 -.024 .043 -.056 -.017 -.016 .042
.399 .703 .498 372 .786 .802 .501
CA 1.000 -.087 .357%* -.151* -.245%* -.028 -.026
.168 .000 .016 .000 661 677
A-M Combined 1.000 -.059 .518** -.316%* .094 -.037
.347 .000 .000 137 .559
TypeAl 1.000 -.373%* -.686** -.057 -173%*
.000 .000 .367 .006
TypeA2 1.000 -.314%* -.026 -.079
.000 .680 .208
TypeA3 1.000 -.048 -.146*
447 .021
TypeB 1.000 -.012
.848
TypeC 1.000
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Table 4
Results of partial correlation, controlling for population, i.e. size of a city in terms of population.
Carbon_neutrality CO2_GHG_CN_target AM_Combi CoM C40 CA TypeAl TypeA2 TypeA3 TypeB TypeC
Carbon_neutrality 1.000 1920 .079 -.025 .108 .339 .399 -.079 -.371 -.040 .056
. .000 211 .696 .089 .000 .000 212 .000 .524 376
CO2_GHG_CN_target .920 1.000 .168 .041 .099 .347 .318 .005 -.340 -.036 .032
.000 . .008 515 117 .000 .000 941 .000 .573 .618
AM_Combi .079 .168 1.000 -.031 -.137 -.097 -.071 516 -.307 .098 -.034
211 .008 . .620 .029 125 .264 .000 .000 123 .588
CoM -.025 .041 -.031 1.000 .083 -.130 -.426 -.083 452 .039 114
.696 .515 .620 .189 .040 .000 .192 .000 .537 .070
C40 .108 .099 -137 .083 1.000 -112 .001 -.104 .050 -.005 .070
.089 117 .029 .189 . .077 .992 .099 432 .942 .269
CA .339 .347 -.097 -.130 -112 1.000 .357 -.155 -.242 -.027 -.026
.000 .000 125 .040 .077 . .000 .014 .000 671 .685
TypeAl .399 .318 -.071 -.426 .001 .357 1.000 -.379 -.682 -.056 -172
.000 .000 .264 .000 .992 .000 . .000 .000 .381 .006
TypeA2 -.079 .005 516 -.083 -.104 -.155 -.379 1.000 -.312 -.025 -.079
212 941 .000 192 .099 .014 .000 . .000 .691 214
TypeA3 -.371 -.340 -.307 452 .050 -.242 -.682 -.312 1.000 -.050 -.149
.000 .000 .000 .000 432 .000 .000 .000 . 429 .018
TypeB -.040 -.036 .098 .039 -.005 -.027 -.056 -.025 -.050 1.000 -.013
524 573 123 .537 942 671 .381 .691 429 . .841
TypeC .056 .032 -.034 114 .070 -.026 =172 -.079 -.149 -.013 1.000
.376 .618 .588 .070 .269 .685 .006 .214 .018 .841
Table 5 Table 6

Overview of cities in our sample striving for carbon neutrality.

Countries CN cities Share of CN Cities in the Share of CN cities
(No.) cities (%) sample (No.) by country (%)
Austria 1 1.2% 5 20.0%
Belgium 4 4.9% 7 57.1%
Bulgaria 0 8 0.0%
Croatia 0 5 0.0%
Cyprus 0 1 0.0%
Czech 0 14 0.0%
Republic

Denmark 4 4.9% 4 100.0%
Estonia 0 2 0.0%
Finland 3 3.7% 4 75.0%
France 8 9.9% 35 22.9%
Germany 27 33.3% 40 67.5%
Greece 0 9 0.0%
Hungary 1 1.2% 9 11.1%
Ireland 1 1.2% 5 20.0%
Italy 3 3.7% 32 9.4%
Latvia 0 2 0.0%
Lithuania 0 3 0.0%
Luxembourg 0 1 0.0%
Malta 0 2 0.0%
Netherlands 9 11.1% 15 60.0%
Poland 0 28 0.0%
Portugal 1 1.2% 9 11.1%
Romania 0 14 0.0%
Slovakia 0 8 0.0%
Slovenia 0 2 0.0%
Spain 2 2.5% 25 8.0%
Sweden 6 7.4% 8 75.0%
UK 11 13.6% 30 36.7%
TOTAL 81 100% 327

The correlation analysis (Table 3) shows that carbon neutrality has a significant
and positive association with population size (a = 0.193, p < 0.000), member-
ship of the Climate Alliance network (a = 0.343, p < 0.000), the combination of
adaptation and mitigation aspects in an M-LCP (a = 0.111, p < 0.038), and Type
Al M-LCPs (a = 0.207, p < 0.000), while it significantly negatively correlates
with Type A3 M-LCPs (a = —0.196, p < 0.000). However, as with the level of
mitigation targets discussed in section 3.1, all of these factors are also deter-
mined by population size.

highlighted in Table 6, and Fig. 5 provides more details on these cities.
Table 6 shows that most of the cities that strive to become carbon neutral
(60.5%) have between 100,000 and 500,000 inhabitants, and 24.7% of
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Cities with Carbon Neutrality targets, grouped according to city size, and
compared to the overall number of cities in the sample and with those with a M-
LCP.

City size (No. of Cities in the CN cities Cities with a M-LCP
inhabitants) sample
(No.) (No.) (%)  (No.) (%)

>1,000,000 20 9 11,1% 18 50,0%
500,000-1,000,000 45 20 24,7% 44 45,5%
100,000-500,000 206 49  60,5% 161 30,4%
50,000-100,000 51 2 2,5% 28 7,1%
<50,000 5 1 1,2% 3 33,3%
TOTAL 327 81 100% 254 31,9%

them have populations of 500,000-1,000,000. This subsample includes,
respectively, 50.0% of the largest cities (>1,000,000 inhabitants) with a
M-LCP, 43.2% of cities that have a population between 500,000 and
1,000,000 and a M-LCP, 30.4% of those with a population between
100,000-500,000 and a M-LCP, 7.1% of those with a population be-
tween 50,000-100,000, and 33.3% of smaller cities (<50,000 in-
habitants) with a M-LCP.

The colour of the bars in Fig. 5 show how 74.1% of the 81 carbon
neutral striving cities in the analysed sample have autonomously
developed a mitigation plan (type A1), 11.1% have set a target under the
imposition of their national legislation (M-LCP of type A2), 9.9% have
developed a SEAP/SECAP (type A3) and the remaining 4.9% has set
their GHG emissions reduction target within an energy plan (type C).
Moreover, the same figure, provides a graphical representation of the
type of plan and of membership of the CoM, C40 and CA climate net-
works for all 81 of the cities that aim to become carbon neutral. It shows
that 75.3% of the analysed cities are members of the Global Covenant of
Mayors for Climate and Energy (GCoM), 34.6% of Climate Alliance,
12.3% of C40 and 7.4% of the Carbon Neutral Cities Alliance (CNCA).
More than one-quarter (27.2%) of these cities are a member of two
transnational networks and 4.9% are involved in three of these inter-
national initiatives.

3.3. Energy targets

In the analysed cities, 11% of the mitigation plans set energy effi-
ciency (EE) targets, 11% set targets on renewable energy sources (RES),
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Fig. 5. The 81 carbon neutral cities in the overall sample: city size, type of plans and membership to transnational climate alliances.

and 27.2% include combined targets for both EE and RES. In contrast,
50.4% of M-LCPs do not set any energy targets. The reason for such
variation across the city sample is that EE and RES targets are generally
set by cities in dedicated energy plans (e.g. Municipal Energy Plans).

The M-LCPs analysed in our sample are extremely varied in terms of
how energy savings and/or energy efficiency objectives are set. In some
cases, the objectives are related to specific sub-sectors, and in others
they are set in terms of energy consumption per inhabitant (such as for
cities in Denmark, France, Germany and Sweden).

In almost all of the analysed plans, the focus of the targets is on
buildings (both municipal and private): M-LCPs anticipate energy ret-
rofits for both the building envelope, and its climate control and sanitary
water systems. Another key sector is transport: most of the M-LCPs aim
to strengthen public transport services, improve municipal fleets, and
expand current cycling lanes. Aalborg and Copenhagen, in Denmark,
aim to have all vehicles in their municipal fleet fossil-free by 2050,
replacing traditional fuel with electricity, hydrogen or biofuels. Most of
the interventions proposed by cities also deal with public lighting, by
aiming to replace lightbulbs with LED technology and improving
lighting management and monitoring systems. Aalborg is also consid-
ering reducing its use of information and communication technology
(ICT) by a minimum of 2% per year by 2020 and by 50% by 2050. In
most M-LCPs special attention is given to schools, such as in Leicester
(UK), which promotes energy performance contracts to try and reduce
consumption and provides advice on more efficient operation of the
school building stock. Reducing energy poverty in vulnerable house-
holds is a related goal for some cities (such as Exeter and Glasgow in the
UK), which are considering lowering taxes to incentivise the installation
of EE measures.

This variability in terms of how energy efficiency is incorporated into
local mitigation plans also applies to targets for the use of renewable
energy sources (RES). In the sample of M-LCPs, these were expressed as a
percentage increase (17.3%), as a share in the final energy consumption
(61.2%), in terms of sector targets (9.2%), or by referring to the total
electricity and/or heat they intend to produce from RES (12.2%). Eight
Northern European cities in our sample aim to have 100% of their en-
ergy come from RES: Paris and Bordeaux (France), Frankfurt am Main,
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Gottingen and Augsburg (Germany), Malmo and Uppsala (Sweden),
Manchester (UK)). Danish cities aim to increase the share of district
heating in local energy provision, and also make it fossil fuel-free and
CO3 neutral.

More in-depth analysis of the potential correlations between
different cities’ EE and RES targets on the one hand, and their climate
mitigation ambitions and initiatives on the other, is necessary. However,
it was beyond the narrower scope of the study that underpins the find-
ings in this paper.

4. Discussion

This section discusses the above presented results regarding the
different speeds of climate change planning in different parts of Europe
in order to understand how urban-scale climate change policy is being
shaped within the EU.

The analysis revealed that 78% of the small, medium and large cities
in the sample have a mitigation plan with targets for reducing green-
house gas emissions, and 25% of them strive for carbon neutrality
(defined as targets for at least 80% emissions reductions by 2050 or
sooner). The average mitigation target of all cities is to reduce GHG by
47%.

These targets show that European cities are not yet on track to
comply with the Paris Agreement, which demands net zero emissions by
the year 2050 [1]. Therefore, this study supports other research [24,25]
that has claimed that many cities lack ambition - at least in terms of the
urgency and scale of mitigation and emissions reduction that is required.

There is limited scientific literature on the carbon neutrality of mu-
nicipalities. However, the findings of this study reflect those of similar
research into the most ambitious countries in Europe on the subject of
carbon neutrality. For example, a study in Denmark (a climate leader,
and the country with the lowest energy intensity in the European Union)
showed that only about 20% of municipalities in Denmark want to
become total fossil free or carbon neutral [47].

The average year for reaching carbon neutrality is 2045, with
twenty-two cities aiming for it earlier than 2050. Malmo (Sweden) aims
to be carbon neutral as early as 2020, having adopted a plan to achieve
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this in 2009. However, the concept was vaguely described and it
included options for paying for carbon offsets (compensating for local
emissions by funding carbon sinks elsewhere in the world). German
cities have the largest number of carbon-neutral M-LCPs in the sample,
while Denmark ranks first in terms of national share (all cities in the
sample aim to become carbon neutral). This supports other studies that
show the leadership role of Denmark in the EU in terms of carbon
neutrality aspirations [47].

This study also reveals interesting geographical patterns in terms of
those cities that are aiming for carbon neutrality. The most ambitious
cities are those in Northern and Western Europe (ranging from 100% in
the case of Danish cities to 43% in the case of the UK), while Southern
and Eastern Europe is characterized by lower ambitions (in many of
these countries, no city aims to become carbon neutral, although 23% of
French cities have set this target). In line with other studies, countries
with a higher level of GDP per capita have more cities that aim to
become carbon neutral [27], a greater number of local climate plans,
and more far-reaching ambitions [26,32]. However, France is an inter-
esting contradictory case: it has many cities with local climate plans
(induced by the national legislation) but relatively low ambition in
terms of carbon neutrality. It is also possible to find a “Mediterranean”
pattern in which the share of cities aiming for carbon neutrality ranges
zero in the Eastern Mediterranean (Cyprus, Croatia, Greece, and Malta),
to 23% in France. Indeed, Western European cities are much more
ambitious with respect to mitigation targets than cities in other parts of
Europe, which could reflect the overall GHG reduction activity in those
countries [32,37].

Overall, the results show that cities with high mitigation targets are
mostly larger cities that have A1 M-LCPs, combine adaptation and
mitigation, and engage in climate networks. However, since city size is
the most important predictor of climate mitigation ambition, the role of
climate networks in shaping the approaches of smaller cities is unclear.
In addition, the dataset does not reveal whether smaller cities that have
joined these networks are less ambitious or just more realistic than their
counterparts that remain outside. Giest and Howlett [48] suggest that
“high-profile” climate networks (such as the C40) could be less effective
in fostering “concrete actions compared to regional “in-depth” net-
works” [49]. It may therefore be the case that different networks play
different roles and further research is therefore needed into how they
may shape climate policy ambition.

The results also show that local motivation is a good stimulus for
climate ambition, as demonstrated by its correlation with A1 M-LCPs
and also by the lower level of ambition of French cities that only seek to
meet national obligations (see below). However, Southern European
cities with less capacity/GDP may already find it difficult to reach
slightly lower mitigation targets. This points to the weakness of
providing quantitative recommendations, which are usually seen as a
maximum instead of a minimum threshold that organisations should
aim for. Guidelines could instead focus on providing qualitative advice
on how to identify what can be achieved [17].

Controlling for population, the correlations loose significance,
implying that smaller cities in general do not have the support of climate
networks, lack the capacity to develop joint approaches for adaptation
and mitigation, and fail to drive the development of independent Type
Al M-LCPs. As found by others (e.g. Refs. [18,50]), smaller cities need
support from higher tiers of government, as well as other relevant
stakeholders. This also indicates that from the activities or smaller cities
are to a large extent dependent on national or regional policies.

Most local climate plans within our sample adopt a 2020 or 2030
timeframe, suggesting an inherent dependence on the EU’s 20-20-20
targets and the more recent 2030 energy and climate framework. This
observation is also in line with the correlation findings regarding the
type of plans (e.g. Type A1 M-LCPs). The scarcity of longer-term targets
(i.e. beyond 2030) implies that city-level actions and ambition will
likely be steered by national and regional pledges, which themselves will
be shaped by political will and commitment and the availability of
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resources.

The energy sector plays a key role in climate mitigation, through
“new technologies, energy production with reduced emissions, more
efficient energy use” as well as “changed management practices and
consumer behaviour” [17]. This is reflected in the common vision of
local mitigation action plans, which generally focus on increasing EE
and the use of RES. All the plans available in our sample included both
EE interventions and RES implementation strategies to reach their
emissions limits. Therefore, for some cities, the definition of specific
objectives on EE and RES within the M-LCP, in combination with
emissions reduction objectives, can strengthen their ability to achieve
climate objectives.

The study has limitations. First of all, the UA city sample under-
represents small cities below 50,000 inhabitants. Second, the small
number of mainstreamed (B plans) and energy plans (C plans) in the
sample of LCPs does not necessarily represent the overall picture
particularly well. As highlighted in Section 2.2, only one M-LCP was
selected and analysed in-depth for each city, and priority was given to
the Al comprehensive M-LCPs among other types identified. Thus, B and
C plans were examined only in the absence of Al, A2 or A3 plans.
Moreover, it may be more difficult to find B or C plans online than to find
A plans (because the keywords are less clear), so the number of cities
with B or C plans may be underestimated. Also, plans labelled as Al
(autonomously developed) or A2 (nationally induced) may have been
led by an international climate network. To investigate these aspects,
data on the availability of M-LCPs in this sample was cross-checked with
detailed information on each city’s current stage of commitment under
the Covenant of Mayors for Climate and Energy. This comparison dis-
tinguishes between two different groups of cities: (a) Cities that gener-
ally develop a plan after (and enhanced by) their membership of the
CoM. This represents the most frequent case in which the only available
M-LCP is a SEAP/SECAP (A3 Type) - 51% of the cities in our sample fall
into this category. (b) Cities that are members of the CoM but developed
their plan autonomously and then entered it into the system through the
CoM. This applies to the cities falling under Types A1l (34%), A2 (11%)
and C (4%). Irish cities, where municipalities are legally bound by
planning legislation to implement climate change and other environ-
mental regulations, are an example of cities that are members of the
CoM but have developed their A2 plan regardless of their commitment
to this network. However, it was also the case for Dutch cities where
municipalities are required to draw up a plan to tackle the development
of renewable energy (C plans) and where some cities have developed
their M-LCP regardless of the commitment made within the CoM (A1l
plans).

Third, government legislation in some countries, such as France,
require cities to provide local climate plans at the metropolitan level. For
this reason, France has older local LCPs in the sample as well as newer
ones. An issue of scale can also be raised for small countries like Malta
and Luxembourg, which do not have a plan for the entire UA city area.
For example, in the case of Malta several local councils that form part of
the urban agglomeration area have submitted plans to the CoM, but
these do not cover the entire UA city. Another difficulty is using “city
scale” analysis: more and more cities are now designing shared climate
plans on a regional scale, so it may be difficult to disentangle city plans
from regional plans. This could reflect national approaches on how
multi-level climate governance should operate, or be caused by munic-
ipalities seeking to team up with other neighbouring rural municipalities
to try and reduce costs or build RES-based power and heat plants (e.g.
solar and wind farms) away from urban centres. Indeed, many cities are
limited in their options to implement climate mitigation measures [51,
52], partly due to the physical space at their disposal [53]. Working with
neighbouring municipalities may help to address this issue, but it might
also result in conflict and delay over production of shared local climate
change strategies. In Ireland, the city boundary has been expanded to
include several urban areas in recent years [54], reflecting the fact that
the spatial scale of some urban climate plans has grown to include entire
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metropolitan areas or regions.
5. Conclusions

This study analysed the climate change mitigation ambition of a
representative sample of 327 European cities, including the extent to
which they aim to become carbon neutral. It also helped to understand
the similarities and differences in the climate planning process in
different parts of Europe.

The analysis revealed that 78% of the cities in the sample have a
mitigation plan with mitigation targets. The average mitigation target is
47% reduction in GHG emissions. Furthermore, 81 cities (25% of the
total sample) are striving for carbon neutrality, on average by 2045,
although 22 cities aim to achieve this goal earlier, e.g. as early as 2020.
Assuming representativeness of the sample, this means that European
cities are not yet set up to comply with the Paris Agreement, which re-
quires net zero emissions around the year 2050. In reality, cities must
urgently redouble their efforts to meet this target.

The most ambitious cities are those in Northern and Western Euro-
pean countries. In general terms, cities in Southern and Eastern Euro-
pean countries are less likely to have declared an ambition to reach
carbon neutrality. Furthermore, the level of mitigation ambition is
significantly and positively related to the size of the city and the city’s
membership of climate networks, in particular C40 and Climate Alli-
ance. However, as the results of this study contrast with those of others,
more research is needed on the role of climate networks in mitigation
ambition, and potentially implementation and success.

Smaller cities are less ambitious. Only 7.1% of the cities with a
population between 50,000-100,000 inhabitants have a carbon
neutrality target, compared to 32% on average. Establishing plans at a
regional level or through inter-municipal government cooperation could
leverage more resources (council staff, population, budget) to develop
and implement climate strategies. Indeed, the study also identified the
development of mitigation plans at wider jurisdictional levels (e.g. the
metropolitan or regional level) as an emerging trend. This approach
could help to achieve the much needed increase in mitigation ambition
and effort, in order to safeguard a sustainable world in line with the 1.5°
target. However, further research is needed with regard to the effec-
tiveness of measures and plans at the local, metropolitan and regional
level.

Future research should also evaluate mitigation actions in their
effectiveness in reducing GHG emissions. In addition to a city’s popu-
lation, which is a very important determining factor in our study, it will
be interesting to explore other potential factors that can contribute to
the ambition of the mitigation objectives of cities (such as per capita
GDP, unemployment rate, public awareness of climate change, local
climate, proximity to the coast, politics, etc.). A more in-depth assess-
ment of the energy targets included in M-LCPs also deserves further
attention.

5.1. Data availability

Datasets related to this article can be found at http://dx.doi.org/ ...,
an open-source online data repository hosted at Mendeley Data ([55]).
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